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© Apparatus using a fluid whose viscosity varies with electric current applied thereto. 



® An apparatus for performing a function by using 
a fluid, which includes: a mass of a fluid (30) whose 
viscosity varies with an electric current applied 
thereto; a pair of electrodes (58. 60) which are 
disposed so as to apply the electric current to the 
mass of the fluid; a device (62) for controlling a 
voltage to be applied between the pair of electrodes 
to substantially change the viscosity of the mass of 
2 the fluid; and electrically resistive -layers (64, 66) 
each having a predetermined electrical resistance 
CO value and covering each of the pair of electrodes, 
2 each of the resistive layers consisting of an insulat- 
ing material having a low electrical conductivity. 
J" Thus, the present apparatus is capable of restricting 
(yjan increase in an electrical current consumed by the 
mass of the fluid, when an electrical resistance value 
® of the mass of the fluid is lowered due to a rise in an 
Q. operating temperature of the mass of the fluid. 
UJ 
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APPARATUS USING A FLUID WHOSE VISCOSITY VARIES WITH ELECTRIC CURRENT APPUED THERETO 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to an apparatus 
which performs an intended function by using a 
fluid whose apparent viscosity varies with an elec- 
tric current applied thereto. More specifically, the 
present invention is concerned with a technique for 
limiting an increase in a current consumed by a 
power source for the current, which is caused by 
lowering of a resistance value of the fluid when the 
fluid temperature is elevated, in order to protect the 
power source and other peripheral equipments. 



Discussion of the Prior Art 

There is known a so-called electro-rheologicai 
fluid or electro- viscous fluid, whose apparent vis- 
cosity varies depending on the presence or ab- 
sence of an electric field applied thereto, or on a 
magnitude of the electric field. In recent years, 
such a fluid is employed in various kinds of ap- 
paratus, such as a vibration-absorbing system, 
shock absorber, fluid valve or actuator, in which the 
viscosity of the fluid is changed as . desired by 
controlling a voltage to be applied thereto. Thus, 
the apparatus as indicated above is intended to 
perform various functions by utilizing the character- 
istic of the fluid. The fluid having the above-de- 
scribed characteristic will be hereinafter referred to 
as "electro-viscous fluid" when appropriate. 

In the apparatus using the electro-viscous fluid, 
a pair of electrodes are disposed so as to apply an 
electric current to a mass of the fluid which is 
present between the electrodes, so that the viscos- 
ity of the fluid is changed by controlling a voltage 
to be applied between the electrodes. However, it 
is generally recognized that an electrical resistance 
value of the electro-viscous fluid is suddenly lower- 
ed to a great extent when the temperature of the 
fluid is elevated, whereby the current density of the 
fluid is increased and the fluid itself generates heat 
to further elevate the temperature thereof. Con- 
sequently, the apparatus suffers from extreme in- 
crease in a current cunsumed by the fluid mass or 
its power source, due to the thus continuously 
increased temperature of the fluid and the accord- 
ingly lowered resistance value of the fluid. In the 
apparatus in which the temperature of the fluid is 
likely to be elavated during its use, therefore, the 
current consumed by the power source is almost 
unlimitedly increased with the temperature rise of 



the fluid, resulting in an overloaded state of the 
power source, and an adverse influence on the 
power source itself and its peripheral equipments. 



SUMMARY OF THE INVENTION 

The present invention was developed in view of 
the above situation. It is therefore an object of the 

io invention to provide an apparatus using the electro- 
viscous fluid as described above, such as a 
vibration-absorbing system, shock absorber, actu- 
ator or torque transmitting system, which apparatus 
is capable of effectively avoiding an unlimited in- 

15 crease in an electric current consumed by a power 
source, which results from a lowered resistance 
value of the fluid at an elevated operating tempera- 
ture, thereby preventing the power source from 
being overloaded and protecting the power source 

20 and its peripheral equipments against an adverse 
influence caused by the overloading. 

The above object may be attained according to . 
the principle of the present invention, which pro- 
vides an apparatus for performing a function by 

25 using a fluid, comprising: (a) a mass of a fluid 
whose viscosity varies with an electric current ap- 
plied thereto; (b) a pair of electrodes which are 
disposed so as to apply the electric current to the 
mass of the fluid; (c) means for controlling a volt- 

30 age to be applied between the pair of electrodes to 
substantially change the viscosity of the mass of 
the fluid; and (d) electrically resistive layers each 
having a predetermined electrical resistance value 
and covering each of the pair of electrodes, each 

35 the resistive layer consisting of an insulating ma- 
terial having a low electrical conductivity, thereby 
restricting an increase in an electrical current con- 
sumed by the mass of the fluid when an electrical 
resistance value of the mass of the fluid is lowered 

40 due to a rise in an operating temperature of the 
mass of the fluid. 

In the apparatus of the present invention con- 
structed as described above, since the resistive 
layers having a suitable electrical resistance are 

45 interposed between the electrodes which are dis- 
posed so as to apply an electric current to the 
fluid, the maximum value of the current consumed 
by the fluid or the power source can be limited 
based on the relatively high electrical resistance of 

so the resistive layers, even if the electrical resistance 
value of the fluid is considerably lowered as the 
fluid temperature is elevated. Accordingly, if the 
resistance value of the resistive layers, that is, the 
thickness of these layers, is determined so that th 
consumed electric power of the power sourc 
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which provides the maximum current value is limit- 
ed within the nominal capacity of the power source, 
the power source is effectively prevented from be- 
ing overloaded due to the increase in the con- 
sumed electric power which results from a lowered 
resistance value of the fluid. Thus, the power 
source and its peripheral equipments are free from 
adverse influences caused by the overloading, 
whereby the reliability of the apparatus can be 
greatly improved. 

Since the maximum consumed current, i.e.. the 
maximum electric power consumed by the power 
source, can be limited by appropriately determining 
the resistance value of the resistive layers, as de- 
scribed above, the power source used in the ap- 
paratus of the present invention can be made 
small-sized with a comparatively small rated capac- 
ity. Further, the instant apparatus can avoid a great 
increase in the current density of the fluid when the 
fluid temperature is elevated, and thereby prevent 
the fluid from generating heat due to the increased 
current density, which leads to thermal runaway of 
the fluid. Moreover, since a voltage applied to the 
fluid can be substatiaily lowered with a decrease in 
the resistance value of the fluid, the apparent vis- 
cosity of the fluid can be considerably stabilized, 
permitting the instant apparatus to stably perform 
its intended function. 

According to the present invention, the elec- 
trodes are covered with the respective electrically 
resistive layers, and therefore, are prevented from 
contacting the electro-viscous fluid. Accordingly, 
the electrodes are not likely to be corroded by 
water or aqueous component contained in the fluid, 
nor are they likely to be worn by their contact with 
the flowing fluid. Thus, the life expectancy of the 
electrodes, and accordingly that of the apparatus, 
can be considerably improved. 

According to one feature of the apparatus of 
the invention, the means for controlling a voltage 
changes the voltage from a first value to a second 
value to increase the viscosity of the mass of the 
fluid. In this case, the first value of the voltage may 
be zero. 

According to another feature of the invention, 
the resistance value of the resistive layers is 0.1 - 
10 times, more preferably 1-5 times, that of the 
fluid at a maximum operating temperature thereof. 

According to still another feature of the inven- 
tion, the insulating material is selected from the 
group consisting of thermoplastic resins, thermo- 
setting resins, varnish, mica and ceramics. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features and 
advantages of the invention will become more ap- 



parent by reading the following detailed description 
of presently preferred embodiments of the inven- 
tion, when considered in conjunction with the ac- 
companying drawings, in which: 
5 Fig. 1. is an elevational view in vertical cross 

section of an engine mount for an automotive ve- 
hicle, as an example of an apparatus using an 
electro-viscous fluid according to the present in- 
vention; 

w Fig. 2 is a plan view showing an assembly of 

an orifice defining structure and a movable plate of 
the engine mount of Fig. 1 ; and 

Fig. 3 is a cross sectional view explaining 
the structure of each electrode used in the engine 

75 mount of Fig. 1 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

20 

To further clarify the present invention,, there 
will be described in detail one preferred embodi- 
ment of the invention when applied to an engine 
mount for an automotive vehicle, referring to the 

25 accompanying drawings. The instant engine mount 
is capable of effectively damping or isolating both 
engine idling vibrations and engine shakes, which 
have the same frequency range but should be 
damped or isolated based on different characteris- 

30 tics of the mount, by controlling the electric field 
acting on an electro-viscous fluid filling the en- 
closed space in the engine mount. The term 
"electro-viscous fluid" is used to mean a fluid 
whose viscosity increases with an increase in the 

35 magnitude of the electric field applied thereto. 

Referring first to Fig. 1, reference numeral 10 
denotes an upper first support member made of 
metal, which assumes a generally truncated conical 
shape, while reference numeral 12 denotes a gen- 

40 erally cylindrical lower second support member 
made of metal, which is closed at one end and is 
open at the other end toward the upper support 
member 10. These upper and lower support mem- 
bers 10, 12 are disposed coaxially with each other, 

46 such that the members 10, 12 face each other in a 
vertical direction as seen in Fig. 1. An annular 
elastic body 14 made of a rubber material is inter- 
posed between the upper and lower support mem- 
bers 10, 12 so as to elastically connect these 

50 members 10, 12. To the upper surface of the upper 
support member 10, there is secured a mounting 
bolt 16 for fixing the upper support member 10 to a 
power unit including the vehicle engine. On the 
other hand, another mounting bolt 18 Is provided 

55 extending from a bottom wall portion of the lower 
support member 12, so as to fix the lower support 
member 12 to the vehicle body. 

The lower support member 12 consists of a 
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hat-shaped metal member 20 forming its bottom 
portion, a tapered metal member 22 forming its 
upper end portion, and two annular spacer mem- 
bers 24, 26 interposed between these members 20, 
22. A flexible diaphragm 28 made of a rubber 
material is disposed such that its outer peripheral 
portion is fluid-tightly gripped by and between the 
hat-shaped metal member 20 and the lower spacer 
member 26. Between the flexible diaphragm 28 
and the elastic body 14, therefore, there is formed 
a fluid-tightly enclosed space, which is filled with a 
suitable electro-viscous fluid 30 whose viscosity 
substantially varies with the intensity of the electric 
field applied thereto. 

In Fig. 1 , reference numeral 31 denotes a pro- 
tective rubber layer made of NBR, for example, 
whose outer peripheral portion is fluid-tightly 
gripped by and between the tapered metal mem- 
ber 22 and the upper spacer member 24, so that 
the entire area of the inner surface of the elastic 
body 14 is covered with the protective rubber layer 
31 secured thereto. This protective rubber layer 31 
serves to prevent the elastic body 14 from being 
affected by the fluid 30. 

Within the fluid-tightly enclosed space filled 
with the fluid 30, there is disposed an annular 
orifice defining structure 32 whose outer peripheral 
portion is fluid-tightly fitted in recesses formed in 
the adjacent spacer members 24, 26. Further, a 
disk-like movable plate 36 is disposed such that its 
outer peripheral portion is supported in an annular 
groove formed in the inner circumferential surface 
of the orifice defining structure 32, so that the 
movable plate 36 is displaceable by a predeter- 
mined distance in the axial direction of the mount 
in which vibrations are applied. Thus, the fluid- 
tightly enclosed space filled with the fluid 30 is 
divided by the movable plate 36 into a pressure- 
receiving chamber 38 formed on the side of the 
elastic body 14. and an equilibrium chamber 40 
formed on the side of the flexible diaphragm 28. 
Namely, the orifice defining structure 32 and the 
movable plate 36 cooperate with each other to 
constitute means for dividing the enclosed space 
into the pressure-receiving chamber 38 and the 
equilibrium chamber 40. 

The orifice defining structure 32 supporting the 
movable plate 36 consists of an upper orifice mem- 
ber 42. a lower orifice member 44, an annular inner 
sealing member 46 and an annular outer sealing 
member 48, which are integrally assembled to- 
gether and cooperate with each other to define an 
annular space therein. Each of these members 42. 
44, 46, 48 of the orifice defining structure 32 is 
made of an electrically insulating material which is 
substantially insulated from the fluid 30, such as a 
fluorine-contained resin. The insulating material for 
the orifice defining structure 32 usually has a vol- 



ume resistivity not lower than about 10 15 flcm, and 
is highly resistant to organic solvents. The orifice 
defining structure 32 is provided with two commu- 
nication holes 50. 52, which are respectively 

5 formed through the upper and lower orifice mem- 
bers 42, 44 at different circumferential positions 
thereof, as shown in Fig. 2. Thus, the annular 
space indicated above is divided into a first orifice 
passage 54 and a second orifice passage 56, 

io which have different circumferential lengths and 
each of which communicates with the pressure- 
receiving chamber 38 and equilibrium chamber 40. 
Upon application of vibrations to the engine mount, 
the fluid 30 is caused to flow between the 

is pressure-receiving chamber 38 and the equilibrium 
chamber 40, through the first or second orifice 
passage 54, 56, as described below. It will be 
understood that the communication holes 50, 52 
define the circumferential lengths of the two pas- 

20 sages 54, 56. 

Within the second orifice passage 56 which is 
shorter than the first orifice passage 54, a pair of 
plate-like electrodes 58. 60 are disposed on the 
opposite inner surfaces of the upper and lower 

25 orifice members 42, 44, as shown in Fig. 1, such 
that the mutually facing electrodes 58, 60 are 
spaced apart from each other by a predetermined 
distance, and extend over the substantially- entire 
circumferential length of the second orifice passage 

30 56. These plate-like electrodes 58, 60 are elec- 
trically connected to a voltage applying device 62 
which includes a power source, so that a suitable 
high DC voltage is applied between the electrodes. 
58, 60. when needed. 

35 Referring next to Fig. 3, the electrodes 58, 60 

are covered by respective electrically resistive lay- 
ers 64. 66 having the same thickness and a pre- 
determined electrical resistance value. Each of the 
resistive layers 64, 66 is made of an insulating 

40 material having a low degree of electrical con- 
ductivity, such as thermosetting resin (e.g., phenol 
resin), thermoplastic resin, insulating varnish, mica 
or ceramic. In this arrangement, the amount of 
current consumed by the fluid or power source 62, 

45 i.e., the amount of consumed electric power, can 
be restricted to within a predetermined capacity of 
the power source 62, based on the electrical resis- 
tance of the resistive layers 64. 66, even if the 
electrical resistance value of the fluid 30 is consid- 

50 erably towered as the temperature of the fluid 30 is 
elevated. The resistive layers 64, 66 are respec- 
tively formed on the electrodes 58, 60, in a manner 
suitable for the materials of the resistive layers 64, 
66 and the electrodes 58, 60. 

55 In the engine mount constructed as described 

above, while no voltage is applied between the 
electrodes 58, 60, no electric field acts on a mass 
of the fluid 30 accommodated within the second 
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orifice passage 56, whereby the viscosity of the 
fluid 30 within the orifice passage 56 remains rela- 
tively low. i.e., at the nominal value, which is the 
same as that of a mass of the fluid 30 accom- 
modated within the first orifice passage 54. Con- 
sequently, the fluid 30 is caused to flow mainly 
through the relatively shorter second orifice pas- 
sage 56, which has a smaller resistance to fluid 
flows than the first orifice passage 54. 

When a voltage is applied between the elec- 
trodes 58, 60, on the other hand, the viscosity of 
the fluid 30 considerably increases with the in- 
crease in the intensity of the electric field acting 
thereon, whereby the second orifice passage 56 
provides a considerably increased resistance to the 
fluid flows therethrough. Consequently, the fluid 30 
is caused to flow mainly through the relatively long 
first orifice passage 54 whose fluid flow resistance 
is smaller than the second orifice passage 56. 

In the instant engine mount, therefore, the ori- 
fice passage 54, 56 through which the fluid 30 
passes can be selected as required, by regulating 
the voltage applied between the electrodes 58, 60. 
In the present embodiment, the first orifice passage 
54 is tuned to a frequency range (around 10-30 Hz) 
of the engine idling vibrations and engine shakes, 
while the second orifice passage 56 is tuned to a 
frequency range higher than the frequency range 
indicated above, in operation, the power source of 
the device 62 is turned on for applying a voltage to 
the electrodes 58, 60 while the vehicle is running, 
and is turned off with no voltage applied between 
the electrodes 58, 60 while the vehicle is in the 
engin idling operation. In this manner, the instant 
engine mount is adapted to provide a compara- 
tively low damping characteristic and a compara- 
tively high dynamic spring constant while the ve- 
hicle is in the engine idling operation, thereby 
effectively isolating the engine idling vibrations. 
Further, the engine mount is adapted to provide a 
comparatively high damping characteristic and a 
comparatively low dynamic spring constant while 
the vehicle is running, thereby effectively damping 
the engine shakes. Thus, the instant engine mount 
is capable of exhibiting excellent damping and iso- 
lating effects, with respect to the engine idling 
vibrations and engine shakes, which have the same 
frequency range but should be damped or isolated 
based on different characteristics of the engine 
mount 

The instant engine mount can also effectively 
isolate vibrations in a relatively high frequency 
range, such as booming noises, based on displace- 
ment of the movable plate 36 in the axial direction 
of the mount 

It is generally recognized that the electrical 
resistance value of the fluid 30 is extremely lower- 
ed as th temperature of the fluid 30 rises, for 



example, lowered by two or more digits as corn- 
par d with that when the fluid 30 has the normal 
operating temperature. Accordingly, without the re- 
sistive layers 64, 66 provided on the electrodes 58, 
5 60, the electrical resistance between the electrodes 
58, 60 would be considerably lowered due to a rise 
of the operating temperature of the fluid 30. Con- 
sequently, the output current of the power source 
(62) (current consumed by the power source) is 
io considerably increased and the consumed voltage 
of the power source exceeds its nominal capacity, 
resulting in an overloading of the power source 
which may cause damage to the power source 
(voltage applying device 62) and its peripheral 
/5 equipments. 

In the engine mount according to the instant 
embodiment, however, the resistive layers 64. 66 
are disposed so as to cover the respective elec- 
trodes 58, 60, so that the electrical resistance of 
20 the layers 64, 66 exists between the electrodes 58, 
60, as described above. Accordingly, even if the 
electrical resistance value of the fluid 30 is consid- 
erably lowered with the temperature rise of the fluid 
30, the electrical resistance between the electrodes 
25 58, 60, that is, load resistance of the power source, 
never becomes lower than that of the resistive 
layers 64, 66, and the output current (consumed 
current) of the voltage applying device 62 is limited 
to the current value which is determined by the 
30 resistance value of the layers 64, 66. Accordingly, - 
the power source is effectively prevented from be- 
ing overloaded due to otherwise extremely in- 
creased output current thereof, and therefore, the 
power source and its peripheral equipments are 
35 free from damage caused by the overloading. 

Since the maximum consumed current 
(maximum consumed electric power) of the power 
source of the voltage applying device 62 is deter- 
mined by the electrical resistance value of the 
40 resistive layers 64, 66 as described above, it is not 
necessary to increase the nominal capacity of the 
power source in view of a great increase in its 
output current, whereby the power source (62) can 
be made small-sized, with a relatively small rated 
45 capacity. Further, the limitation of the maximum 
consumed current as described above is effective 
to avoid an unlimited increase in the current den- 
sity of the fluid 30, and to prevent the fluid from 
generating heat due to the increase of its current 
so density, thereby avoiding thermal runaway of the 
fluid. Moreover, since the voltage applied to the 
fluid 30 is substantially lowered with a decrease in 
the resistance value of the fluid 30, the instant 
engin mount is advantageous for its greatly im- 
55 proved stabilities in the apparent viscosity of the 
fluid 30, and consequently in its vibration damping 
and isolating characteristics, when the voltage is 
applied to the fluid 30 at a considerably high tem- 
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perature. 

In the engine mount of the present embodi- 
ment, the surfaces of the electrodes 58. 60 are 
covered by the respective resistive layers 64, 66, in 
order for the electrodes 58, 60 not to directly 
contact the fluid 30. Accordingly, the electrodes 58, 
60 are not likely to be corroded in a short time of 
use, without being affected by water contained in 
the fluid 30. Also, the electrodes 58, 60 are not 
likely to be worn by their contact with finely divided 
particles contained in the fluid 30. Thus, the life 
expectancy of the electrodes 58 are greatly im- 
proved, leading to accordingly improved life expec- 
tancy of the engine mount. 

A desirable resistance value of the resistive 
layers 64, 66 varies depending upon the char- 
acteristics of the fluid 30 or other factors. If the 
resistance value of the layers 64. 66 is extremely 
large, however, the ratio of the voltage applied to 
the resistive layers 64, 66 is greatly increased at 
the nominal operating temperature of the fluid 30. 
This is unfavorable because the power source must 
provide an extremely increased output voltage so 
as to apply a sufficient voltage to the fluid 30 at the 
normal operating temperature. If the resistance val- 
ue of the resistive layers 64, 66 is extremely small, 
on the other hand, it is difficult to sufficiently re- 
strict the consumed current of the power source, 
when the resistance value of the fluid 30 is lowered 
with the temperature rise thereof. Normally, the 
resistance value of the resistive fayers 64, 66 is set 
to be about 0.1 - 10 times, more preferably, about 
1 - 5 times the electrical resistance value of the 
fluid 30 between the electrodes 58, 60 at the maxi- 
mum operating temperature of the fluid 30. In prac- 
tice, the thickness of each of the resistive layers 
64. 66 is determined so as to adjust the resistance 
value of the layers 64, 66 to within the above- 
described range. 

While the present invention has been de- 
scribed in its presently preferred embodiment, for 
illustrative purpose only, it is to be understood that 
the invention is not limited to the details of the 
illustrated embodiment, but may be embodied with 
various other changes, modifications and improve- 
ments, which may occur to those skilled in the art, 
without departing from the spirit and scope of the 
invention defined in the appended claims. 

For example, it is not essential that the resis- 
tive layers 64. 66 have the same thickness as in 
the illustrated embodiment. Further, the resistive 
layers 64, 66 may be made of different insulating 
materials. It is also possible to provide the resistive 
layers 64, 66 only on the mutually facing surfaces 
of the respective electrodes 58, 60. 

It is also to be understood that the present 
invention is not limited to the engine mount con- 
structed as described above, but may be applied to 



other types of engine mount which uses the 
electro-viscous fluid, or to various kinds of appara- 
tus using the electro-viscous fluid, such as a shock 
absorber, fluid valve, actuator or torque transfer 

5 system. 

An apparatus for performing a function by us- 
ing a fluid, which includes: a mass of a fluid (30) 
whose viscosity varies with an electric current ap- 
plied thereto; a pair of electrodes (58, 60) which 

w are disposed so as to apply the electric current to 
the mass of the fluid: a device (62) for controlling a 
voltage to be applied between the pair of elec- 
trodes to substantially change the viscosity of the 
mass of the fluid: and electrically resistive layers 

/5 (64, 66) each having a predetermined electrical 
resistance value and covering each of the pair of 
electrodes, each of the resistive layers consisting 
of an insulating material having a low electrical 
conductivity. Thus, the present apparatus is ca- 

20 pable of restricting an increase in an electrical 
current consumed by the mass of the fluid, when 
an electrical resistance value of the mass of the 
fluid- is lowered due to a rise in an operating 
temperature of the mass of the fluid. 

25 

Claims 

1. An apparatus for performing a function by 
30 using a fluid, comprising: 

a mass of a fluid (30) whose viscosity varies with 
an electric current applied thereto; 
a pair of electrodes (58, 60) which are disposed so 
as to apply said electric current to said mass of the 
35 fluid; 

means (62) for controlling a voltage to be applied 
between said pair of electrodes to substantially 
change said viscosity of said mass of the fluid; and 
electrically resistive layers (64, 66) each having a 

40 predetermined electrical resistance value and cov- 
ering each of said pair of electrodes, each said 
resistive layer consisting of an insulating material 
having a low electrical conductivity, thereby re- 
stricting an increase in an electrical current con- 

45 sumed by said mass of the fluid when an electrical 
resistance value of said mass of the fluid is tower- 
ed due to a rise in an operating temperature of said 
mass of the fluid. 

2. An apparatus according to claim 1, wherein 
so said means for controlling a voltage changes said 

voltage from a first value to a second value to 
increase the viscosity of said mass of the fluid. 

3. An apparatus according to claim 2. wherein 
said first value of said voltage is zero. 

55 4. An apparatus according to any one of claims 

1-3, wherein the resistance value of said resistive 
layers is 0.1 - 10 times that of said fluid at a 
maximum operating temperature thereof. 
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5. An apparatus according to any one of claims 
1-3, wherein the resistance vaiue of said resistive 
layers is 1 - 5 times that of said fluid at a maximum 
operating temperature thereof. 

6. An apparatus according to any one of claims 
1-5, wherein said insulating material is selected 
from the group consisting of thermoplastic resins, 
thermosetting resins, varnish, mica and ceramics. 

7. An apparatus according to any one of claims 
1-6, further comprising: 

a first support member (10) and a second support 
member (12); 

an elastic body (14) elastically connecting said first 
and second support members to each other, said 
elastic body cooperating with said support mem- 
bers to define an enclosed space; 
means (32, 36) for dividing said enclosed space 
into a pressure-receiving chamber (38) and an 
equilibrium chamber (40) which are filled with the 
fluid; and 

orifice-defining means (32) for defining an orifice 
(54, 56) which communicates with said pressure- 
receiving and equlibrium chambers, such that said 
fluid flows through said orifice between said 
pressure-receiving and equilibrium chambers upon 
application of vibrations between said first and sec- 
ond support members, 

said pair of electrodes being disposed so as to 
define part of said orifice. 

8. An apparatus according to claim 7, wherein 
said orifice consists of a first orifice passage (54), 
and a second orifice passage (56) having a smaller 
length of flow of said fluid therethrough than said 
first orifice passage, said pair of electrodes partially 
defining said second orifice passage. 

9. An apparatus according to claim 8, wherein 
said first orifice passage is tuned so as to effec- 
tively damp large-amplitude vibrations having fre- 
quencies within a range of 10-30 Hz when said 
voltage is applied to said pair of electrodes by said 
means for controlling a voltage, while said second 
orifice passage is tuned so as to effectively isolate 
small-amplitude vibrations having frequencies high- 
er than said range when no voltage is applied to 
said pair of electrodes. 

10. An apparatus according to claim 9, wherein 
said first and second orifice passages cooperate 
with each other to define a circular orifice, and said 
means for defining an orifice includes a first com- 
munication hole (50) communicating with one of 
said pressure-receiving and equilibrium chambers, 
and a second communication hole (52) commu- 
nicating with the other of said chambers, said first 
and second communication holes being located so 
as to define lengths of said first and second orifice 
passages. 

1 1 . An apparatus according to claim 7, wherein 
said means for dividing said enclosed space in- 



cludes said means for defining an orifice. 

12. An apparatus according to claim 11, 
wherein said means for dividing said enclosed 
space further includes a movable plate (36) dis- 
5 posed inside said means for defining an orifice, 
said movable plate being movable in a direction in 
which said vibrations are applied between said first 
an second support members. 
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